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An object of the invention is to provide an organic compound
having excellent characteristics as a material for highly effi-
cient and highly durable organic EL devices, and also to
provide a highly efficient and highly durable organic EL
device. This invention relates to a compound represented by
the general formula (1) having an oxadiazole ring structure
bonded with an aromatic heterocycle, and to an organic elec-
troluminescence device containing the compound:

[Chem. 1]

N——-N

A—“\ | Ar
(6)
n

wherein Ar represents a substituted or unsubstituted aromatic
hydrocarbon group, a substituted or unsubstituted aromatic
heterocyclic group, or a substituted or unsubstituted con-
densed polycyclic aromatic group; A represents a substituted
or unsubstituted aromatic heterocyclic group; and n repre-
sents an integer of 1 to 3.
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1
COMPOUND HAVING OXADIAZOLE RING
STRUCTURE BONDED WITH AROMATIC
HETEROCYCLIC RING AND ORGANIC
ELECTROLUMINESCENT DEVICE

TECHNICAL FIELD

This invention relates to a compound and a device suitable
for an organic electroluminescence (EL) device which is a
self-luminescent device suitable for various display appara-
tuses and to a device. More specifically, the invention relates
to a compound having an oxadiazole ring structure bonded
with an aromatic heterocycle and to an organic EL device
using the compound.

BACKGROUND ART

Since the organic EL devices are self-luminescent devices,
they are bright, excellent in visibility, and capable of giving
clear display as compared to liquid crystal devices, and stud-
ies thereon have actively been conducted.

In 1987, C. W. Tang et al. of Eastman Kodak Co. have
turned an organic EL device using an organic material into
practical utilization by developing a multilayered structure
device wherein various functions are respectively distributed
to materials. They stack a fluorescent material capable of
transporting electrons and an organic substance capable of
transporting holes, and injected both of the charges into the
fluorescent material layer to emit a light, thereby achieving a
high luminance of 1,000 cd/m? or more at a voltage of 10V or
less (see Patent Document 1 and Patent Document 2, for
example).

Patent Document 1: JP-A-8-48656

Patent Document 2: Japanese Patent No. 3194657

Many improvements have been made up to the present for
putting organic EL devices into practical use, and high effi-
ciency and durability have been achieved by an electrolumi-
nescence device wherein an anode, a hole injection layer, a
hole transport layer, an emitting layer, an electron transport
layer, an electron injection layer, and a cathode are provided
in this order on a substrate, thereby further segmentalizing
various roles (see Non-Patent Document 1, for example).

Non-Patent Document 1: Preprints for 9th Workshop of
Japan Applied Physics, pages 55 to 61 (2001)

Also, there has been an attempt for utilizing a triplet exci-
ton in the aim of a further improvement in luminescent effi-
ciency, and use of phosphorescent materials has been studied
(see Non-Patent Document 2, for example).

Non-Patent Document 2: Preprints for 9th Workshop of
Japan Applied Physics, pages 23 to 31 (2001)

The emitting layer may be produced by doping a com-
pound having carrier transport property, which is generally
called a host material, with a fluorescent material or phospho-
rescent material. As disclosed in the above-mentioned work-
shop preprints, selection of an organic material in an organic
EL device greatly influences on various properties of the
device, such as efficiency and durability.

In organic EL. devices, luminescence is obtained when
charges injected from the electrodes are re-combined in the
emitting layer. Since the transfer rate of holes is higher than
that of the electrons, a problem of reduction in efficiency
caused by a part of holes passing through the emitting layer
arises. Therefore, an electron transport material enabling easy
electron transfer has been demanded.

Although tris(8-hydroxyquinoline)aluminum (hereinafter
abbreviated as Alq) which is a typical luminous material is
also generally used as an electron transport material, the
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electron mobility thereof is considered to be low. Therefore,
as a material having a high electron mobility, 2-(4-bipheny-
1y1)-5-(4-t-butylphenyl)-1,3,4-oxadiazole (hereinafter abbre-
viated as PBD) and the like have been proposed (see Non-
Patent Document 3, for example).

Non-Patent Document 3: Jpn. J. Appl. Phys., 27, L269
(1988)

However, it has been pointed out that PBD has poor stabil-
ity in its thin film state, such as readily undergoing crystalli-
zation, and no satisfactory device property has been achieved.

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

An object of this invention is to provide an organic com-
pound having excellent properties as a material for organic
EL devices, such as enabling easy electron transfer and hav-
ing high stability in a thin film state, and also to provide an
organic EL device having good efficiency and durability by
using the compound.

Means to Solve the Problems

In order to attain the above objects, the inventors designed
and chemically synthesized novel organic compounds in
which an aromatic heterocycle is bonded to an oxadiazole
ring, experimentally produced various organic EL devices by
using the compounds, and conducting characteristics evalu-
ations of the devices, thereby accomplishing this invention.

Thatis, this invention provides a compound represented by
the general formula (1) comprising an oxadiazole ring struc-
ture bonded with an aromatic heterocycle:

[Chem. 1]

N——N

A—“\ | Ar
(6)
n

wherein Ar represents a substituted or unsubstituted aromatic
hydrocarbon group, a substituted or unsubstituted aromatic
heterocyclic group, or a substituted or unsubstituted con-
densed polycyclic aromatic group; A represents a substituted
or unsubstituted aromatic heterocyclic group; and n repre-
sents an integer of 1 to 3.

Also, this invention provides an organic EL. device com-
prising a pair of electrodes and at least one organic layer
sandwiched therebetween, comprising the compound as a
constituting material of the at least one organic layer.

Specific examples of the aromatic hydrocarbon group, the
aromatic heterocyclic group, or the condensed polycyclic
aromatic group in the substituted or unsubstituted aromatic
hydrocarbon group, the substituted or unsubstituted aromatic
heterocyclic group, or the substituted or unsubstituted con-
densed polycyclic aromatic group represented by Ar in the
general formula (1) include a phenyl group, a biphenyl group,
a terphenyl group, a tetrakisphenyl group, a styryl group, a
naphthyl group, an anthryl group, an acenaphthenyl group, a
fluorenyl group, a phenanthryl group, an indenyl group, a
pyrenyl group, a pyridyl group, a pyrimidyl group, a furanyl
group, a pyronyl group, a thiophenyl group, a quinolyl group,
a benzofuranyl group, a benzothiophenyl group, an indolyl
group, a carbazolyl group, a benzooxazolyl group, a quinox-
alyl group, a benzoimidazolyl group, a pyrazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, and the
like.
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Specific examples of the substituent group in the substi-
tuted aromatic hydrocarbon group, the substituted aromatic
heterocyclic group, or the substituted condensed polycyclic
aromatic group represented by Ar in the general formula (1)
include a fluorine atom, a chlorine atom, a cyano group, a
hydroxide group, a nitro group, an alkyl group, an alkoxy
group, an amino group, a substituted amino group, a trifluo-
romethyl group, a phenyl group, a naphthyl group, an aralkyl
group, a phenyl group having a substituted group, a naphthyl
group having a substituted group, an aralkyl group having a
substituted group, and the like.

Specific examples of the substituted or unsubstituted aro-
matic heterocyclic group represented by A in the general
formula (1) include a phenanthryl group, a pyronyl group, a
furanyl group, a pyrazolyl group, an oxazolyl group, a thiaz-
olyl group, a pyrimidy] group, a triazyl group, a thiophenyl
group, a quinolyl group, a quinoxalyl group, a benzofuranyl
group, a benzothiophenyl group, a benzooxazolyl group, a
benzothiazolyl group, a benzoimidazolyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a carbazolyl
group, an indolyl group, an indenyl group, a pyrenyl group,
and the like.

Specific examples of the substituent group in the substi-
tuted aromatic heterocyclic group represented by A in the
general formula (1) include a fluorine atom, a chlorine atom,
a cyano group, a hydroxide group, a nitro group, an alkyl
group, an alkoxy group, an amino group, a substituted amino
group, a trifluoromethyl group, a phenyl group, a tolyl group,
a naphthyl group, an aralkyl group, a phenyl group having a
substituted group, a naphthyl group having a substituted
group, and the like.

The compound represented by general formula (1) having
an oxadiazole ring structure bonded with an aromatic hetero-
cycle enables easy electron transfer and is stable in a thin film
state.

The compound of this invention represented by the general
formula (1) and having an oxadiazole ring structure bonded
with an aromatic heterocycle may be used as a constituting
material of an electron transport layer of an organic EL
device. By using the material enabling easy electron transfer
as compared to a conventional material, an effect of increas-
ing luminance of luminescence at the same driving voltage
and an effect of improving durability ofthe organic EL device
are obtained.

The compound of this invention represented by the general
formula (1) and having an oxadiazole ring structure bonded
with an aromatic heterocycle may be used as a constituting
material of a hole blocking layer of an organic EL device.

Also, the compound of this invention represented by the
general formula (1) and having an oxadiazole ring structure
bonded with an aromatic heterocycle may be used as a con-
stituting material of an emitting layer of an organic EL device.

Since the organic EL device of this invention uses the
compound having an oxadiazole ring structure bonded with
an aromatic heterocycle, which provides rapid electron trans-
fer and stable thin film state, it becomes possible to realize an
increase in luminance of luminescence and enhancement of
durability.

Advantage of the Invention

This invention relates to a compound having an oxadiazole
ring structure bonded with an aromatic heterocycle, which is
useful as a constituting material of an electron transport layer,
a hole blocking layer, or an emitting layer of an organic EL.
device, and also relates to an organic EL device produced by
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using the compound. By this invention, it becomes possible to
reduce a driving voltage and to enhance durability of conven-
tional organic EL devices.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a 1H-NMR chart of PhenOXDm.

FIG. 2 is a 1H-NMR chart of 2QOXDm.

FIG. 3 is a 13C-NMR chart of 2QOXDm.

FIG. 4 is a 1H-NMR chart of 3QOXDm.

FIG. 5 is a diagram showing the structure of EL device of
Example 6.

FIG. 6 is a diagram showing a structure of EL device of
Example 8.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

: Glass substrate

: Transparent anode

: Hole injection layer

: Hole transport layer

: Emitting layer

: Hole blocking layer-cum-electron transport layer
: Electron injection layer

: Cathode

BEST MODE FOR CARRYING OUT THE
INVENTION

1N U A WK -

The compounds having an oxadiazole ring structure
bonded with an aromatic heterocycle according to the inven-
tion are novel compounds, and these compounds can be syn-
thesized, for example, by condensing various tetrazole
derivatives of aromatic heterocycles with various aromatic
acid chlorides (see Patent Document 3 and Non-Patent Docu-
ments 4 to 7, for example). The various tetrazole derivatives
of aromatic heterocycles can be synthesized, for example, by
tetrazolation using a corresponding aromatic heterocyclic
nitrile compound as a raw material (see Patent Document 3
and Non-Patent Document 8, for example). Various aromatic
heterocyclic nitrile compounds can be derived, for example,
from a corresponding carboxylic acid (see Non-Patent Docu-
ments 9 and 10, for example), or can be synthesized by
nitrilation after halogenation (see Patent Document 4, for
example) or by direct nitrilation (see Non-Patent Documents
11 and 12, for example). Alternatively, commercially avail-
able products may be used. Each of the various aromatic acid
chlorides may be derived, for example, from a corresponding
aromatic carboxylic acid. Alternatively, commercially avail-
able products may be used.

Patent Document 3: Japanese Patent No. 3520880

Patent Document 4: JP-A-2004-175691

Non-Patent Document 4: Angew, Chem., 72,366 (1960)

Non-Patent Document 5: Chem., Ber., 93, 2106 (1960)

Non-Patent Document 6: Tetrahedron, 11, 241 (1960)

Non-Patent Document 7: Chem., Ber., 98, 2966 (1965)

Non-Patent Document 8: Synthesis, 71 (1973)

Non-Patent Document 9: Jikken Kagaku Kouza 20 (4th
edition, edited by The Chemical Society of Japan), pages 437
to 471

Non-Patent Document 10: Jikken Kagaku Kouza 22 (4th
edition, edited by The Chemical Society of Japan), pages 137
to 173

Non-Patent Document 11: J. Heterocyclic Chem., 23, 989
(1986)

Non-Patent Document 12: J. Org. Chem., 30, 288 (1965)

Specific examples of preferred compounds among the
compounds represented by the general formula (1) having an
oxadiazole ring structure bonded with an aromatic hetero-
cycle are shown below, but this invention is not limited to the
compounds.
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Purification of these compounds was carried out by column
chromatography purification, adsorption purification, recrys-
tallization using a solvent, a crystallization method, or the
like. The compounds were identified by NMR analysis.

Examples of the structure of the organic EL device of this
invention include a structure wherein an anode, a hole injec-
tion layer, a hole transport layer, an emitting layer, a hole
blocking layer, an electron transport layer, an electron injec-
tion layer, and a cathode are formed in this order on a sub-
strate. In the multi-layer structure, it is possible to omit an
organic layer(s) and to use a single material for serving as
plural layers in combination.

As the anode of the organic EL device, an electrode mate-
rial having a large work function such as ITO and gold may be
used. As the hole injection layer, a material such as copper
phthalocyanine (hereinafter abbreviated as CuPc), a tripheny-
lamine derivative of starburst type, and a tris[p-N-phenyl-a.-
naphthylamino]phenyl]amine and a coating type material
may be used.

As the hole transport layer, various triphenylamine tetram-
ers including benzidine derivatives such as N,N'-diphenyl-N,
N'-di(m-tolyl)benzidine and N,N'-diphenyl-N,N'-di(c.-naph-
thyl)benzidine (hereinafter abbreviated as NPD), and N,N'-
bis(4-diphenylamino-4'-biphenyl)-N,N'-diphenyl(1,1'-
biphenyl)-4,4'-diamine (hereinafter abbreviated as EL022)
and the like may be used.

As the emitting layer, the hole blocking layer, and the
electron transport layer of the organic EL. device, a quino-
linium complex, a carbazole derivative, a polydialkylfluorene
derivative, and the like may be used as well as the compound
having an oxadiazole ring structure bonded with an aromatic
heterocycle.

It is possible to produce a high performance organic EL
device by using a conventional luminescent material such as
a quinolinium complex or a styryl derivative for the emitting
layer and using the compound having an oxadiazole ring
structure bonded with an aromatic heterocycle as the hole
blocking layer, the electron transport layer, or the electron
injection layer. Also, it is possible to produce a high perfor-
mance organic EL. device by adding a dopant which is a
fluorescent material such as quinacridone, coumarin or
rubrene, or a phosphorescent material such as an iridium
complex of phenylpyridine as the host material of the emit-
ting layer.

Further, a layer obtained by overlaying or co-depositing a
conventional electron transport material on the compound
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having an oxadiazole ring structure bonded with an aromatic
heterocycle may be used as the electron transport layer.

Though it is possible to omit the electron injection layer in
the organic EL device of this invention since the compound of
this invention having an oxadiazole ring structure bonded
with an aromatic heterocycle has a high electron injection
function, the organic EL device may have an electron injec-
tion layer. As the electron injection layer, lithium fluoride and
the like may be used. As the cathode, an electrode material
having a low work function such as an alloy of aluminum,
magnesium, and silver may be used.

Embodiments of the present invention will be illustrated in
greater detail with reference to the following Examples, but
the invention should not be construed as being limited thereto
so long as not exceeding the gist thereof.

Example 1

Synthesis of 1,3-bis[2-(1,10-phenanthroline-2-y1)-1,
3,4-oxadiazole-5-yl|benzene (hereinafter abbreviated
as PhenOXDm) (2)

After dissolving 5.0 g of 2-(2H-tetrazole-5-y1)-1,10-
phenanthroline into 50 ml of dehydrated pyridine, 2.1 g of
isophthaloylchloride was added. The mixture was heated to
100° C. and stirred under reflux for 5 hours. After cooling to
a room temperature, the reaction solution was poured into
water to collect a precipitated solid by suction filtration, and
the solid was washed with water. The solid was dried under
vacuum at 70° C. for 20 hours to obtain a brownish crude
product. After dissolving the thus-obtained crude product
into a mixed solution of chloroform:methanol=4:1, hexane
was added to allow purification by crystallization, thereby
obtaining 4.82 g of PhenOXDm (2) (yield: 84%). NMR
analysis (see FIG. 1) was performed for identification of the
product. The results of the NMR analysis are as follows. 9.15
ppm (2H), 8.89 ppm (1H), 8.73 ppm (2H), 8.59 ppm (2H),
8.50 ppm (2H), 8.45 ppm (2H), 8.07 ppm (4H), 7.97 ppm
(1H), 7.78 ppm (2H).

Example 2
The melting point and the glass transition point of the

compound (2) of Example 1 were measured by a high sensi-
tivity differential scanning calorimeter (DSC3100S; product
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of Bruker AXS K .K.). The melting point was 199° C., and the
glass transition point was 178° C.
The compound (2) of Example 1 has a high glass transition
point and is stable in its thin film state.

Example 3

A vapor deposition film having a film thickness of 100 nm
was formed on an ITO substrate by using the compound (2) of
Example 1, and a work function thereof was measured by an
atmospheric photoelectron spectrometer (AC3; product of
Riken Keiki Co., Ltd.). The work function was 6.09 eV.

Example 4

Synthesis of 1,3-bis[2-(quinoline-2-y1)-1,3,4-oxadia-
zole-5-yl]benzene (hereinafter abbreviated as
2Q0OXDm) (14)

After dissolving 4.0 g of 2-(2H-tetrazole-5-yl)quinoline
into 60 ml of dehydrated pyridine, 2.1 g of isophthaloylchlo-
ride was added. The mixture was heated to 100° C. and stirred
under reflux for 4 hours. After cooling to a room temperature,
the reaction solution was poured into water to collect a pre-
cipitated solid by suction filtration, and the solid was washed
with water. The solid was dried under vacuum at 70° C. for 20
hours to obtain a brownish crude product. After dissolving the
thus-obtained crude product into chloroform, hexane was
added to allow purification by crystallization, thereby obtain-
ing 4.12 gof2QO0XDm (14) (yield: 87%). NMR analysis (see
FIG. 2) was performed for identification of the product. The
results of the NMR analysis are as follows. 9.17 ppm (1H),
8.53 ppm (2H), 8.34-8.47 ppm (6H), 7.83-7.96 ppm (4H),
7.80 ppm (1H), 7.69 ppm (2H). Further, signals of all carbon
atoms were confirmed (see FIG. 3). 164.7 ppm, 164.5 ppm,
147.9 ppm, 143.0 ppm, 137.4 ppm, ppm, 130.6 ppm, 130.1
ppm, 129.9 ppm, 128.7 ppm, ppm, 127.7 ppm, 125.9 ppm,
124.7 ppm, 119.9 ppm.

Example 5

Synthesis of 1,3-bis[2-(quinoline-3-yl1)-1,3,4-oxadia-
zole-5-yl]benzene (hereinafter abbreviated as
3Q0XDm) (31)

After dissolving 4.0 g of 3-(2H-tetrazole-5-yl)-quinoline
into 60 ml of dehydrated pyridine, 2.1 g of isophthaloylchlo-
ride was added. The mixture was heated to 100° C. and stirred
under reflux for 3 hours. After cooling to a room temperature,
the reaction solution was poured into water to collect a pre-
cipitated solid by suction filtration, and the solid was washed
with water. The solid was dried under vacuum at 70° C. for 20
hours to obtain a grayish white crude product. After dissolv-
ing the thus-obtained crude product into chloroform, hexane
was added to allow purification by crystallization, thereby
obtaining 3.90 g of 3QOXDm (31) (yield: 82%). NMR analy-
sis (see FIG. 4) was performed for identification of the prod-
uct. The results of the NMR analysis are as follows. 9.70 ppm
(2H), 9.02 ppm (1H), 8.98 ppm (2H), 8.46 ppm (2H), 8.24
ppm (2H), 8.05 ppm (2H), 7.89 ppm (2H), 7.83 ppm (1H),
7.71 ppm (2H).

Example 6
An organic EL device was obtained by vapor-depositing,

on a glass substrate 1 on which an ITO electrode had been
formed as a transparent anode 2, a hole injection 3, a hole
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transport layer 4, an emitting layer 5, a hole blocking layer-
cum-electron transport layer 6, and a cathode (aluminum
electrode) 8 in this order as shown in FIG. 5. The glass
substrate 1 on which an ITO film having a film thickness of
150 nm had been formed was washed with an organic solvent
and then subjected to washing of its surface by an oxygen
plasma treatment. The glass substrate was placed in a vacuum
vapor deposition machine, followed by pressure reduction to
below 0.001 Pa.

Subsequently, about 20 nm of CuPc was formed as the hole
injection layer 3 at a vapor deposition rate of 6 nm/min.
Thereon, about 40 nm of NPD was formed as the hole trans-
port layer 4 at a vapor deposition rate of 6 nm/min. On the hole
transport layer 4, about 30 nm of Alq was formed as the
emitting layer 5 at a vapor deposition rate of 6 nm/min. On the
emitting layer 5, about 30 nm of PhenOXDm (2) which is the
compound of Example 1 was formed as the hole blocking
layer-cum-electron transport layer 6 at a vapor deposition rate
of 2 nm/min. The foregoing vapor depositions were each
conducted without breaking the vacuum. After boat replace-
ment and pressure reduction, about 200 nm of an alloy of
magnesium and silver was formed as the cathode 8 by simul-
taneously vapor-depositing magnesium and silver at a ratio of
10:1 on the hole blocking layer-cum-electron transport layer
6. The thus-obtained device was stored in a vacuum desicca-
tor, and characteristic measurements were performed in the
air at an ordinary temperature.

The thus-obtained organic EL, device generated stable
green luminescence and exhibited luminescence of 1,070
cd/m? at a driving voltage of 7.0 V and luminescence of 3,600
cd/m? at a driving voltage of 8.0 V.

A ratio obtained by dividing the number of photons emitted
from the organic EL device by the number of electrons
injected into the organic EL device is called an external quan-
tum efficiency. The external quantum efficiencies of this
deviceat 10,000 cd/m?, 15,000 cd/m?, and 20,000 cd/m? were
1.05%, 1.03%, and 0.99%, respectively.

A maximum luminance before breakpoint was evaluated
by increasing the load of the current density by increasing the
driving voltage. Since the maximum luminance measured by
the method reflects electrical stability of the device, the maxi-
mum luminance serves as an index of the durability of the
organic EL device.

The device exhibited the maximum luminance of 27,000
cd/m? at 9.6 V, and then the luminance of luminescence was
diminished to reach the breakpoint.

Comparative Example 1

For comparison, an organic EL device was produced under
the same conditions as in Example 6 except for using Alq as
the material for a hole blocking layer-cum-electron transport
layer 6, and the characteristics thereof were examined. Spe-
cifically, about 60 nm of Alq was formed as the hole blocking
layer-cum-electron transport layer 5 and 6 at a vapor deposi-
tion rate of 6 nm/min. The thus-obtained organic EL device
exhibited luminescence of 490 cd/m? at a driving voltage of
7.0V and luminescence of 1,680 cd/m? at a driving voltage of
8.0 V. External quantum efficiencies of the device at 10,000
cd/m? and 15,000 cd/m> were 0.92% and 0.59%, respectively.
The device exhibited the maximum luminance of 15,200
cd/m? at V, and then the luminance of luminescence was
diminished to reach the breakpoint.

As is apparent from the above results, the organic EL
device obtained by using PhenOXDm (2) which is the com-
pound of Example 1 having an oxadiazole ring structure
bonded with an aromatic heterocycle has a stable luminescent
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efficiency as compared to the device obtained by using Alq
which is an ordinary used electron transport material. Also,
the luminance of luminescence of the device was about twice
at the identical voltage, and that the maximum luminance
before breakpoint of the device was also about twice.

From the foregoing results, it is apparent that the organic
EL device of this invention achieves good device efficiency,
high electrical stability, and good durability as compared to
the device using Alq.

Example 7

An organic EL device was produced under the same con-
ditions as in Example 6 except for using 2QOXDm (14)
which is the compound of Example 4 as the material for the
hole blocking layer-cum-electron transport layer 6, and the
characteristics thereof were examined. About 30 nm of
2QOXDm (14) was formed as the hole blocking layer-cum-
electron transport layer 6 at a vapor deposition rate of 3
nm/min. The thus-obtained organic EL device exhibited
green luminescence of 700 cd/m> at 7.0 V and green lumines-
cence of 2,140 cd/m? at 8.0 V.

Example 8

An organic EL device was obtained by vapor-depositing,
on a glass substrate 1 on which an ITO electrode had been
formed as a transparent anode 2, a hole injection layer 3, a
hole transport layer 4, an emitting layer 5, a hole blocking
layer-cum-electron transport layer 6, an electron injection
layer 7, and a cathode 8 in this order as shown in FIG. 6. The
glass substrate 1 on which an ITO film having a film thickness
of 150 nm had been formed was washed with an organic
solvent and then subjected to washing of its surface by an
oxygen plasma treatment. The glass substrate was placed in a
vacuum vapor deposition machine, followed by pressure
reduction to below 0.001 Pa.

Subsequently, about 20 nm of CuPc was formed as the hole
injection layer 3 at a vapor deposition rate of 6 nm/min. On
the hole injection layer 3, about 40 nm of NPD was formed as
the hole transport layer 4 at a vapor deposition rate of 6
nm/min. On the hole transport layer 4, about 30 nm of Alq was
formed as the emitting layer 5 at a vapor deposition rate of 6
nm/min. On the emitting layer 5, about 30 nm of PhenOXDm
(2) which is the compound of Example 1 was formed as the
hole blocking layer-cum-electron transport layer 6 at a vapor
deposition rate of 2 nm/min. The foregoing vapor depositions
were each conducted without breaking the vacuum. After
boat replacement and pressure reduction, about 0.5 nm of
lithium fluoride was formed as the electron injection layer 7
on the hole blocking layer-cum-electron transport layer 6 at a
vapor deposition rate of 0.6 nm/min. About 200 nm of alumi-
num was vapor-deposited on the electron transport layer 7 to
form the cathode 8. The thus-obtained device was stored in a
vacuum desiccator, and characteristic measurement was per-
formed in the air at an ordinary temperature.

The thus-obtained organic EL device exhibited lumines-
cence of 710 cd/m? at a driving voltage of 7.0 V and green
luminescence of 2,520 cd/m? at a driving voltage of 8.0 V.

As in the foregoing evaluation results, it was confirmed that
the organic EL device of this invention is excellent as com-
pared to the device using Alq which is used as an ordinary
electron transport material.

While the present invention has been described and in
detail with reference to specific embodiments thereof, it will
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be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the
spirit and scope thereof.

This invention is based on Japanese Patent Application No.
2005-263687 filed on Sep. 12, 2005, and the contents thereof
are herein incorporated by reference.

INDUSTRIAL APPLICABILITY

The compound of this invention having an oxadiazole ring
structure bonded with an aromatic heterocycle is excellent as
a compound for organic EL. devices since it enables easy
electron transfer and is stable in its thin film state. By produc-
ing an organic EL device using the compound, it is possible to
increase luminance of luminescence comparing at the same
driving voltage and to improve durability.

The invention claimed is:

1. A compound, comprising at least one moiety comprising
an oxadiazole ring structure bonded with an aromatic hetero-
cycle, the compound represented by formula (1):

L
N——N N——N
N gy
O O
1
N——-N

.
O
n

Wherein Ar represents a substituted or unsubstituted aro-
matic hydrocarbon group, excluding a terphenyl group,
a substituted or unsubstituted aromatic heterocyclic
group, or a substituted or unsubstituted condensed poly-
cyclic aromatic group; and

A represents a substituted or unsubstituted aromatic

phenanthryl group, pyronyl group, furanyl group, pyra-
zolyl group, oxazolyl group, thiazolyl group, pyrimidyl
group, triazyl group, thiophenyl group, quinolyl group,
quinoxalyl group, benzothiophenyl group, benzoox-
azolyl group, benzothiazolyl group, benzoimidazolyl
group, dibenzofuranyl group, dibenzothiophenyl group,
carbazolyl group, an indolyl group or indenyl group.

2. An organic electroluminescence device comprising: a
pair of electrodes; and at least one organic layer sandwiched
between the pair of electrodes, comprising, in the at least one
organic layer, a compound, comprising at least one moiety
comprising an oxadiazole ring structure bonded with an aro-
matic heterocycle, the compound represented by formula (1):

@
N——N N——N
A gy
O O

Wherein Ar represents a substituted or unsubstituted aro-
matic hydrocarbon group, excluding a terphenyl group,
a substituted or unsubstituted aromatic heterocyclic
group, or a substituted or unsubstituted condensed poly-
cyclic aromatic group; and
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A represents a substituted or unsubstituted aromatic
phenanthryl group, pyronyl group, furanyl group, pyra-
zolyl group, oxazolyl group, thiazolyl group, pyrimidyl
group, triazyl group, thiophenyl group, quinolyl group,
quinoxalyl group, benzothiophenyl group, benzoox-
azolyl group, benzothiazolyl group, benzoimidazolyl
group, dibenzofuranyl group, dibenzothiophenyl group,
carbazolyl group, an indolyl group or indenyl group.

3. The organic electroluminescence device according to
claim 2, wherein the organic layer comprising the compound
represented by formula (1) is an electron transport layer.

4. The organic electroluminescence device according to
claim 2, wherein the organic layer comprising the compound
represented by formula (1) is a hole blocking layer.

5. The organic electroluminescence device according to
claim 2, wherein the organic layer comprising the compound
represented by formula (1) is an emitting layer.

44

6. The compound of claim 1, wherein Ar represents a
substituted or unsubstituted single ring or fused multi-ring
aromatic or heteroaromatic group.

7. The organic electroluminescence device according to
claim 2, wherein Ar of the compound represents a substituted
or unsubstituted single ring or fused multi-ring aromatic or
heteroaromatic group.

8. The organic electroluminescence device according to
claim 7, wherein the organic layer comprising the compound
represented by formula (1) is an electron transport layer.

9. The organic electroluminescence device according to
claim 7, wherein the organic layer comprising the compound
represented by formula (1) is a hole blocking layer.

10. The organic electroluminescence device according to
claim 7, wherein the organic layer comprising the compound
represented by formula (1) is an emitting layer.

11. A compound, selected from the group consisting of
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12. An organic electroluminescence device comprising a
pair of electrodes and at least one organic layer sandwiched
between the pair of electrodes, comprising, in the at least one
organic layer, a compound according to claim 11.

13. The organic electroluminescence device according to
claim 12, wherein the organic layer comprising the com-
pound represented by formula (1) is an electron transport
layer.

14. The organic electroluminescence device according to
claim 12, wherein the organic layer comprising the com-
pound represented by formula (1) is a hole blocking layer.

15. The organic electroluminescence device according to
claim 12, wherein the organic layer comprising the com-
pound represented by formula (1) is an emitting layer.

16. The compound of claim 1, wherein Ar represents a
substituted or unsubstituted aromatic hydrocarbon group,
excluding a terphenyl group.

17. The compound of claim 1, wherein Ar represents a
substituted or unsubstituted aromatic heterocyclic group.
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18. The compound of claim 1, wherein Ar represents a
substituted or unsubstituted condensed polycyclic aromatic
group.

19. The compound of claim 1, wherein Ar represents the
substituted aromatic hydrocarbon is substituted with at least
one selected from the group consisting of a fluorine atom, a
chlorine atom, a cyano group, a hydroxide group, a nitro
group, an alkyl group, an amino group, a substituted amino
group, a trifluoromethyl group, a phenyl group, a naphthyl
group, an aralkyl group, a substituted phenyl group, a substi-
tuted naphthyl group, and an substituted aralkyl group.

20. The organic electroluminescence device according to
claim 2, wherein Ar of the compound is the substituted aro-
matic hydrocarbon is substituted with at least one selected
from the group consisting of a fluorine atom, a chlorine atom,
a cyano group, a hydroxide group, a nitro group, an alkyl
group, an amino group, a substituted amino group, a trifluo-
romethyl group, a phenyl group, a naphthyl group, an aralkyl
group, a substituted phenyl group, a substituted naphthyl
group, and an substituted aralkyl group.

* * Ed Ed *
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